A new binary metal borate compound, trilithiumdiyttriumorthoborate, Li 3 Y 2 (BO 3 ) 3 was successfully synthesized by a solid-state reaction at 1000 °C using the initial reactants of Li 2 CO 3 , Y 2 O 3 , and H 3 BO 3 (molar ratio in the order; 1.5:1:3). The phase, crystallinity and size distribution of Li 3 Y 2 (BO 3 ) 3 was investigated by X-Ray Powder Diffraction (XRD) and Scanning Electron Microscopy (SEM). It was found that single phase Li 3 Y 2 (BO 3 ) 3 crystallizes in orthorhombic crystal with refined unit cell parameters of a=8.9228, b=9.5840, c=20.4469Å, Z=9 and represent the space group of Pmmm. Average particle size was calculated as 70 nm by Scherrer's equation. The luminescence properties of Li 3 Y 2 (BO 3 ) 3 were investigated by using steady state photoluminescence (PL) measurement as a function of temperature between 10 to 300 K. It was observed that the spectra are dominated with the transitions in the visible part of spectrum related to defects present in compound. A relatively low intensity band-to-band transition was also observed at high energy side of the spectrum centred at around 3.33 eV. This peak was decomposed into two close peaks at 3.32 and 3.35 eV using Gaussian fitting. From the temperature behaviour of peak energies of these emissions, the band gap of Li 3 Y 2 (BO 3 ) 3 was estimated to be 3.35 eV for the first time.
nescence ions. The photoluminescence properties of YAl 3 (BO 3 ) 4 and YAl 3 (BO 3 ) 4 :Gd 3+ were explained by Yoshida et al. [19] . In the former the valence band is mainly due to O (2p) state whereas the conduction band is composed of a mixed state of B (2p) and Y (4d). Yoshida et al. attributed the 7.8 eV emission peak to the transition from the O (2p) state to the mixed state of B (2p) and Y (4d). Recently, electronic band structure of YAl 3 B 4 O 12 has also been studied using several theoretical approaches. For example, the electronic structure and linear optical properties of YAl 3 B 4 O 12 were calculated by Wang et al. [20] using the density functional theory with the local density approximation. The authors concluded that YAl 3 B 4 O 12 has an indirect band gap of 6.54 eV and a direct band gap of 6.91 eV. The resultant total and partial densities of states (PDOS) indicate that the top valence band is composed of O (2p), B (2s), and B (2p) states and the low conduction band mostly consists of Y (4d) and B (2p) states. Dotsenko et al. [21, 22] also explained the optical absorption edge observed at higher energies of 7.3 eV in YAl 3 B 4 O 12 . They reported that this value is comparable with those (7.1-7.2 eV) reported for other borates in which the optical absorption edge is caused by O (2p) →B (2s), (2p) transitions within the
Introduction
Borate materials are very attractive for scientific investigations owing to their broad range of applications since they demonstrate good chemical stability, high optical quality and high transparency far in the UV region [1, 2] . Due to the myriad types of structure attainable by boron trigonal or tetrahedral coordination, many metal borates display important practices in nonlinear optical and laser applications [3] . They also have significant magnetic, catalytic, and phosphorescent properties [4, 5] [18] , etc. These compounds mostly crystallize in the monoclinic space group of P2 1 /c with Z=4 [11] .
Borates are also of interest as host lattice for lumi-isolated BO 3 3-groups. Recently, the band structures of three isotopic LiMBO 3 compounds (M = Mn, Fe, and Co) have been determined using first principles calculations [23] . The band gap energies for LiMnBO 3 , LiFeBO 3 and LiCoBO 3 were calculated to be 3.15, 3.19 and 3.26 eV, respectively.
To our knowledge, neither a theoretical work on the calculation of band structure nor synthesizing and investigation of Li 3 Y 2 (BO 3 ) 3 were reported in the literature. In this study, an intentionally undoped Li 3 Y 2 (BO 3 ) 3 powders was synthesized for the first time using simple and cost effective method of solid-state reaction and investigated structurally and optically by means of XRD, FTIR and temperature dependent PL techniques.
Materials and methods
Li 3 Y 2 (BO 3 ) 3 was synthesized by high temperature solid-state reaction of a mixture of high purity Li 2 CO 3 , Y 2 O 3 and H 3 BO 3 (mole ratios in the order 1.5:1:3). The mixture was ground and preheated at 450 °C for 4 h and the sample was reground after being annealed at 1000 °C for 24 h. The sample was then cooled down to room temperature at 5 °C/minutes. The reaction was carried out by Protherm PLF 120/10 in the open air. The XRD data were collected using a PANalytical X ' Pert Pro diffractometer with the CuK α radiation (λ: 1.54059 Å, 30 mA, and 40 kV). The crystal structure was found and the cell parameters were refined by the POWD program (an interactive Powder Diffraction Data Interpretation and Indexing Program Ver. 2.2) [24] . Infrared spectrum was obtained using a Perkin Elmer 983G FTIR spectrophotometer in the 4000-400 cm -1 region with sample as KBr discs.
Temperature dependent photoluminescence measurements were carried out on powders placed in a closecycled cryostat in the temperature range of 10-300 K. A frequency tripled Nd:YLFQ pulse laser at 349 nm were used for the excitation. The luminescence was collected by suitable lenses and then dispersed with a 500 mm focal length spectrometer using 1200 line/mm grating and detected by Intensified Charge Coupled Device (ICCD) camera.
Results and discussion
Polycrystalline samples were prepared by solid-state reaction with the following chemical reaction path:
The final products were analysed by XRD. Figure 1 and data in Table 1 .
Surface morphology of Li 3 Y 2 (BO 3 ) 3 was also investigated by scanning electron microscope. SEM measurements were performed at Quanta FEG 200. The SEM images of Li 3 Y 2 (BO 3 ) 3 is shown in Figure 2 . As seen, the sample consists of irregular shaped particles with various particle sizes. Small grains located on the surface of larger crystals give rise to inhomogeneous size distribution. The crystallite size of the particles were calculated by the X-ray broadening method using the Scherrer's equation: D=K λ / β hkl cosθ (Eq. B) where D is the crystallite size, K the shape factor (0.89), λ radiation wavelength (1.5406 Å), β hkl is the full width at half maximum in radian, θ is the scattering angle. Using Scherer's equation, the average particle size was calculated to be 70 nm.
The FTIR spectrum of the Li 3 Y 2 (BO 3 ) 3 is shown in Figure 3 . The observed frequencies between 800 and 1100 cm -1 correspond to the stretching frequencies of tetrahedrally coordinated boron and above 1100 cm -1 for triangularly coordinated boron [25] . The absorption peaks below 810 cm -1 are also typical for triangular BO 3 groups. The bands at 1427-1147 cm -1 and 977-902 cm -1 is related to the asymmetric and symmetric stretching of B (3)-O, respectively. The bands at 723-631 and 514 cm -1 are the out-of-plane bending mode of B (3)-O. On the basis of these interpretations, it can be concluded that these IR bands are due to the triangular boron in the crystal structure of Li 3 Y 2 (BO 3 ) 3 . Figure 4 shows the evolution of PL spectra for Li 3 Y 2 (BO 3 ) 3 over the temperature range of 10 to 300 K. In these measurements, the laser excitation density was maintained at approx. 0.6 W/cm 2 . As seen from the figure, the PL spectra were dominated by two broad peaks centred at about 2.7 and 2.0 eV at low temperature and continued to be so up to a temperature of 160 K with decreasing intensities. Above 160 K, a new peak centred at about 2.5 eV is seen to develop. The intensity of this peak increases with temperature up to 270 K and then decreases. These transitions having negligible shifts in peak energies with temperature were attributed to different types of defects present in the sample. The origin of these defects are unknown but could be related to oxygen deficiencies, intrinsic or extrinsic interstitial impurities. Since they become more dominant at different temperature regime, they could have characteristic temperature induced activation energies.
At the high-energy side of the spectra, a peak at 3.30 eV with relatively smaller intensity compared to defect related emissions were clearly observed at 10 K. By applying Gaussian fitting to this part of the spectrum, this peak was decomposed into two peaks centred at about 3.32 and 3.35 eV. The full width at half maximum (FWHM) of these peaks were deduced as 34 and 72 meV respectively. The combination of these two peaks centred at 3.33 eV can be followed up to a temperature of about 200 K. Gaussian fitting was applied to each spectrum taken at different temperatures for decomposition of this peak. The peak energy are clearly red-shifted as the temperature increases (inset of Figure 3 ). On contrary, no shift was observed for the defect related transitions as discussed. To identify the origin of these peaks, their temperature behaviour of peak energies were fitted by using well-known Varshni's equation; along with the atomic radii of Li and Y, the estimated band gap of 3.35 eV is seem to be reasonable.
Conclusion
The The optical properties of undoped Li 3 Y 2 (BO 3 ) 3 powder were studied using temperature dependent photoluminescence. The spectra were dominated by various defects related transitions along with low intensity excitonic band-to-band transitions. From the temperature behaviour of energy peak positions related to band-edge emissions, which usually fallows the band gap shrinkage, the band gap of the Li 3 Y 2 (BO 3 ) 3 compound was estimated to be 3.35 eV for the first time.
